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$z^{*}$ $\mathscr{S}$ $(\Omega$ $)$ , $\mathscr{N}$ $(\Omega$ $)$ $\Omega$
$\Omega$ $\mathscr{S}(\Omega)$ Leibniz




$\Omega$ ( 1 ) $\hat{\mathscr{S}(}\Omega$ ) $(\hat{\mathscr{N}(}\Omega),\hat{\mathscr{S}}^{(1-0)}(\Omega))$
$P\in\hat{\mathscr{S}(}\Omega$ ) $\hat{\mathscr{S}(}\Omega$ ) $/\hat{\mathscr{N}(}\Omega)$ : $P:\in\hat{\mathscr{S}(}\Omega$) $/\hat{\mathscr{N}(}\Omega)$
([A2, A3]);
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1.1 ([A2] Theorem 3. 1.). $p,$ $q\in\hat{\mathscr{S}}^{(1-0)}(\Omega)$ $r\in\hat{\mathscr{S}}^{(1-0)}(\Omega)$
;
(1.1) : $e^{p}::e^{q}:=:e^{r}$ : .
1.2 ([A3] Theorem 4. 1.). $p\in\hat{\mathscr{S}}^{(1-0)}(\Omega)$ $q\in\hat{\mathscr{S}}^{(1-0)}(\Omega)$
;
(1.2) $e^{:p:}=:e^{q}$ : .
1. 1 Campbell-Hausdorfff
(1.1) $r$ $r$ $p,$ $q$
([A2]).
1.2 $e^{:p:}$ $e^{q}$ $q$
;
(i) $p,$ $q\in\hat{\mathscr{S}}^{(1-0)}(\Omega)$ $r$ ;
(1.3) $e^{:r:}=e^{:p:}e^{:q:}$
(ii) $q\in\hat{\mathscr{S}}^{(1-0)}(\Omega)$ $p$ ;
(1.4) $e^{:p:}=:e^{q}$ : .
(i) : $p$ :, : $q$ :
Campbell-Hausdorff : $r$ : (ii)
: $e^{q}$ : : $p$ :







$\Omega\subset T*$Cn, $d>0,0<r<1$ $\Omega[d],$ $\Omega_{r},$ $d_{r}$ ;
$\Omega[d];=\{(z, \zeta)\in\Omega;\Vert\zeta\Vert\geq d\},$




2.1. ( ) (i), (ii), (iii) $\tilde{\Lambda}(s)$
$\Lambda(\zeta):=\tilde{\Lambda}(\Vert\zeta\Vert) (\zeta\in \mathbb{C}^{n}\backslash \{0\})$
$\Lambda$ : $\mathbb{C}^{n}\backslash \{0\}arrow \mathbb{R}_{>0}$ ;
(i) $A$ : $\mathbb{R}_{>0}arrow \mathbb{R}_{>0}$
(ii) $\lim_{sarrow+\infty}\tilde{\Lambda}(s)/s=0,$





(i) $t$ $P(t;z, \zeta)=\sum_{i=0}^{\infty}t^{i}P_{i}(z, \zeta)$ $d>0$ $r\in(O, 1)$





$\Omega$ $\Omega$ $\hat{\mathscr{S}(}\Omega$ ),
$Z^{*}$ $\hat{\mathscr{S}_{z*}}$
(ii) $P(t;z, \zeta)\in\hat{\mathscr{S}(}\Omega)$ $\Omega$ ;d $>0,$ $r,$ $A\in$
$(0,1)$ $\Lambda(\zeta)$ $m=1,2,$ $\cdots$ $\Omega_{r}[md_{r}]$
$| \sum_{i=0}^{m-1}P_{i}(z, \zeta)|\leq A^{i}e^{\Lambda(\zeta)}.$
$\Omega$ $\hat{\mathscr{N}(}\Omega$), $Z^{*}$ $\hat{\mathscr{N}_{z}*}$
(iii) $p(t;z, \zeta)\in.\hat{\mathscr{S}(}\Omega)$ $\Omega$ 1 : $d>$
$0,$ $r,$ $A\in(0,1)$ $\Lambda(\zeta)$ $i=0,1,2,$ $\cdots$
$\Omega_{r}[(i+1)d_{r}]$
(2.1) $|p_{i}(z, \zeta)|\leq A^{i}\Lambda(\zeta)$ .





$p\circ q(t, z, \zeta):=e^{t\langle\partial_{\zeta},\partial_{w}\rangle}p(t, z, \zeta)q(t, w, \eta)|_{z=w,\zeta=\eta}$
$p oq(t, z, \zeta)=\sum_{i=0}^{\infty}t^{i}poq_{i}(z, \zeta)$
$t$
$p \circ q_{i}(z, \zeta)=\sum_{h_{1}+h_{2}+|\alpha|=i}\frac{1}{\alpha!}\partial_{\zeta}^{\alpha}p_{h_{1}}(z, \zeta)\partial_{z}^{\alpha}p_{h_{2}}(z, \zeta)$
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$\hat{\mathscr{S}(}\Omega$ ) $\circ\cdot$
$P,$ $Q\in\hat{\mathscr{S}(}\Omega)$ $\hat{\mathscr{S}(}\Omega$ ) $/\hat{\mathscr{N}(}\Omega)$ : $P$ :, : $Q:\in\hat{\mathscr{S}(}\Omega)/\hat{\mathscr{N}(}\Omega)$
$:P::Q:=:P\circ Q$ :
3 Campbell-Hausdorff













(32) rk,i ; $C,$ $d>$
$1,0<r,$ $A<1$ $\Lambda(\zeta)$ $\Omega_{r}[(i+1)d_{r}]$
(3.3) $|r_{k,i}(z, \zeta)|\leq(k-1)!C^{k-1}A^{i}(\frac{\Lambda(\zeta)}{\Vert\zeta\Vert})^{k-1}\Lambda(\zeta) (k\geq 1, i\geq k-1)$ .
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$k\geq 1,$ $i<k-1$ $r_{k,i}=0.$
3.1. 3.1 $p,$ $q\in\hat{\mathscr{S}}^{(1-0)}(\Omega)$ $\tilde{d}>0,0<\tilde{r},$ $A<1$
$\tilde{\Lambda}(\zeta)$ $\Omega$
r$\tilde{}$ [(i $+$ l)dr$\sim$ ]
(3.4) $|p_{i}(z, \zeta)|, |q_{i}(z, \zeta)|\leq\tilde{A}^{i}\tilde{\Lambda}(\zeta)$
(4.5) $\Lambda(\zeta)$ $\tilde{\Lambda}(\zeta)$
3.1 $\ovalbox{\tt\small REJECT} X$ , ;
3.2 ([AKY] 4.2.3). $p(z, \zeta)\in\Gamma(\Omega_{r}[d_{r}];\mathscr{O}_{T^{*}\mathbb{C}^{n}})$ $m\in \mathbb{N},$ $k,$ $l\in$
$\mathbb{N}_{0},$ $N>1$ $\Lambda(\zeta)$ $0<\epsilon<r\ovalbox{\tt\small REJECT}$ $\Omega_{r-\epsilon}[d_{r-\epsilon}]$
(3.5) $|p(z, \zeta)|\leq\frac{\Lambda(\zeta)^{k}}{\epsilon^{Nm}\Vert\zeta\Vert^{l}}$
$\alpha,$ $\beta\in \mathbb{N}_{0}^{n}$ $0<\epsilon<r$ $\Omega_{r-\epsilon}[d_{r-\epsilon}]$







$(\Omega)$ $p,$ $q$ (3.4) $\tilde{\Lambda}(\zeta)$





$i$ Stirling (3.8) \v{C} $>O$







$q\in\hat{\mathscr{S}}^{(1-0)}(\Omega)$ $s$ $p(s)= \sum_{k=1}^{\infty}s^{k}p_{k}$
(4.1) $e^{:p(s):}=:e^{sq}$ :
[KO] Campbell-Hausdorff $p(s),$ $q$
;







(4.4) $(k+1)p_{k+1}=- \sum_{l=2j_{1}+}^{k}..\sum_{+j_{l}=k+1}\frac{j_{l}}{l!}$ ad $(p_{j_{1}})$ $\cdots$ ad $(p_{j_{l-1}})p_{j_{l}}+R_{k}$ $(k\geq 1)$ .
Rk $p_{1},$ $\cdots$ , $p_{k},$ $q$
$R\mathcal{O}$ $p_{1},$ $\cdots,p_{k}$ ad $(pj_{1})$ $\cdots$ ad $(pj_{l-1})_{Pj_{l}}(j_{1}+$
$+j_{l}\leq k)$ $R_{k}$ $p_{k+1}$
(3.2) (4.4)
$p_{k+1}$ 3.1 $+$ 1
4.1. $q\in\hat{\mathscr{S}}^{(1-0)}(\Omega)$
$p_{k}= \sum_{i=0}^{\infty}t^{i}p_{k,i}(z, \zeta)$
(4.4) pk,$i$ ; $C,$ $d>$
$1,0<r,$ $A<1$ $\Lambda(\zeta)$ $\Omega_{r}[(i+1)d_{r}]$
(4.5) $|p_{k,i}(z, \zeta)|\leq(k-1)!C^{k-1}A^{i}(\frac{\Lambda(\zeta)}{\Vert\zeta\Vert})^{k-1}\Lambda(\zeta) (k\geq 1, i\geq k-1)$.






















$(\partial_{t}-\triangle_{x})u(x, t)=0, t\in(O, 1), x\in\Omega,$
$u(x, t)=0, t\in(O, 1), x\in\partial\Omega$
$E(t)= \int_{\Omega}|u(t, x)|^{2}dx$
$L^{2}$
$E(t, s)$ $:= \int_{\Omega}u(t, x)\overline{u}(s, x)dx$
$t,$ $s$ $(\partial_{t}-\partial_{s})E(t, s)=0$
$u(x, t)$ $(0,1)\cross\overline{\Omega}$
$K(t, s):= \int_{\Omega}(Q(t, x, \partial_{x})+Q^{*}(s, x, \partial_{s}))u(t, x)\overline{u}(s, x)dx$
( $Q$ $Q*$ ). $K(t, s)$
$Q$
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$\exp(P)(t, s, \partial_{t}, \partial_{8})$ $\exp(P)K(t, s)$
$\exp(P)(t, s, \partial_{t}, \partial_{s})$
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